Background Predictors of erosive esophagitis (EE) and Barrett's esophagus (BE) and the influence of number of risk factors in the community are not well defined. Methods Rates of BE and EE among community residents identified in a randomized screening trial were defined. The risk of EE and BE associated with single and multiple risk factors (gender, age, GERD, Caucasian ethnicity, ever tobacco use, excess alcohol use, family history of BE or EAC, and central obesity) was analyzed. Results Sixty-eight (33 %) of 205 subjects had EE and/or BE. BE prevalence was 7.8 % with dysplasia present in 1.5 %. Rates were comparable between subjects with and without GERD. Male sex and central obesity were independent risk factors. The odds of EE or BE were 3.7 times higher in subjects with three or four risk factors and 5.7 times higher in subjects with five or more risk factors compared with those with two or less factors. Conclusions EE and BE are prevalent in the community regardless of the presence of GERD. Risk appeared to be additive, increasing substantially with three or more risk factors.
Introduction
The incidence of esophageal adenocarcinoma (EAC) has exponentially increased in the developed world in the last four decades [1] . Five-year survival rates are \20 % when EAC is diagnosed after symptoms have developed, but rates dramatically improve to over 80 % when EAC is detected at an early stage [2] . Thus, screening for BE in high-risk subjects is recommended as a potential strategy to improve EAC outcomes [3, 4] . However, these guidelines do not provide specific recommendations regarding the number of risk factors or risk stratification based on a combination of these predictors.
BE screening paradigms have historically focused on the presence of chronic gastroesophageal reflux (GER) symptoms [5, 6] . However, a significant proportion of BE and EAC cases are diagnosed in patients without chronic or frequent GER symptoms [7] . In fact, several studies have reported the prevalence of BE to be substantial in subjects without symptoms of GER and comparable to the BE prevalence in subjects with symptoms [8] [9] [10] . Hence, additional non-GERD risk factors need to be explored as BE predictors, particularly in community-based subjects [11, 12] . A far more predictive factor for the presence and/ or development of Barrett's esophagus is erosive esophagitis [1] [2] [3] . Unfortunately, there are no guidelines on who should be screened for erosive esophagitis. Current society guidelines recommend screening in subjects by listing multiple risk factors, intuitively assuming a positive correlation between BE prevalence and the number of risk factors. However, the weighting and precise use of these risk factors either individually or in combination to predict the presence of erosive esophagitis and/or Barrett's esophagus are not well studied [3, 4] . Furthermore, current prediction models based on the presence of multiple risk factors are largely derived from BE registries of tertiary care centers [13, 14] . Thus, current strategies may not be appropriate for screening in the community.
We recently conducted a community-based, prospective randomized trial investigating the clinical effectiveness of minimally invasive endoscopic methods for esophageal screening [15] . Within the context of this trial, the aims of this study were (1) to assess the prevalence and predictors of EE and BE in community subjects with and without GER symptoms and (2) to determine how the use of individual or a combination of risk factors can serve as a clinical tool for identifying patients at risk of BE/EAC.
Methods Trial Design and Setting
This randomized trial was conducted in Olmsted County, MN, between April 1, 2011, and October 30, 2013. The study was designed to compare the clinical effectiveness of unsedated transnasal endoscopy (uTNE) in a mobile research van unit (muTNE), uTNE in a hospital endoscopy unit (huTNE), and conventional sedated endoscopy (sEGD). Please refer to Sami et al. [15] for details. The study found the clinical effectiveness of the three techniques to be comparable. The study was approved by the Mayo Clinic Institutional Review Board and registered on clinicaltrials.gov (identifier: NCT01288612).
Participants
The Rochester Epidemiology Project (REP) database includes a cohort of over 2500 age-and gender-stratified residents of Olmsted County who have completed validated gastrointestinal symptom questionnaires from 1998 to 2009. Using REP resources to identify potential participants, 459 community subjects 50 years or older in age were recruited by an invitation letter and ultimately enrolled during a phone conversation by a blinded research coordinator using a standardized telephone script. Subjects were stratified by age, sex, and presence or absence of GER symptoms (as per validated questionnaires) and randomly assigned to a study group (approximately 150 per group) to receive endoscopic screening by one of the following methods: muTNE, huTNE, or sEGD.
Interventions
Prior to endoscopic evaluation, subjects filled out the validated GERQ instrument (see ''Appendix'' for GERD pertinent questions) [16] , and anthropometric measurements were obtained by research coordinators. The GERQ focuses on GER symptoms over the last year but also queries a history of GER symptoms and use of acid reducing medications.
The presence of GER was defined by at least one of the following criteria as reported on the GERQ: heartburn more frequently than once a week, acid regurgitation more frequently than once a week, or frequent over-the-counter antacid use, daily histamine receptor type-2 antagonists, and/or daily proton pump inhibitor (PPI) use for GERD. The GERQ does not include specific questions regarding the effect of acid-suppressing medications on GERD symptoms. Therefore, the inclusion criterion of daily PPIs or histamine receptor type-2 antagonists was necessary to identify and include subjects with GERD who are currently minimally symptomatic or asymptomatic on acid-suppressing medications, but continue to be at risk of BE [13] . Review of the medical records was conducted to ensure that these medications were prescribed for GERD.
Consenting subjects underwent the one of three screening methods. Each endoscopy was conducted by one of two endoscopists (L.M.W. or P.G.I.). Both have expertise with uTNE and sEGD and had performed over 5000 upper gastrointestinal endoscopies before the study was initiated. They developed a consensus on the endoscopic definition of BE prior to study initiation. sEGD was performed using high-definition endoscopes (GIF-Q180, Olympus America, Center Valley, PA, USA) and conscious sedation. uTNE was performed using the EndoSheath Ò transnasal esophagoscope (TNE-5000, Vision Sciences, Orangeburg, NY, USA). This esophagoscope is covered by a sterile, disposable sheath that isolates it from patient contact. After the procedure, the used sheath is discarded and replaced with a new sterile sheath.
Landmarks assessment included the squamocolumnar junction (transition point from squamous epithelium to columnar epithelium), gastroesophageal junction (GEJ) (measured at the top of the gastric folds with the stomach deflated), and the diaphragmatic hiatus. Endoscopically suspected BE was biopsied. Histology was interpreted by a gastrointestinal pathologist blinded to group assignment.
Suspected BE was defined as C1 cm of columnar metaplasia in the tubular esophagus on endoscopy. BE segment length was classified using the Prague criteria [17] . Figure 1 shows short-segment BE C0M1, while Fig. 2 shows an irregular Z line, which did not meet criteria for BE. Confirmed BE required presence of intestinal metaplasia on H&E stains. Esophagitis was described using the Los Angeles classification [18] . Subjects with esophagitis were treated with PPIs and then reassessed endoscopically in 12 weeks for healing and presence of BE. Per protocol, all subjects regardless of initial endoscopy type (huTNE, muTNE, sEGD) all had an EGD if follow-up endoscopic evaluation was necessary.
Outcome Measures
The primary outcome was prevalence and predictors of EE and BE stratified by GER symptoms. EE and BE were combined given the common etiology of EE and BE, with EE being a precursor of BE [19] [20] [21] . Analyses were performed to identify demographic factors associated with subjects with and without GER symptoms. The secondary outcome was assessment of influence of the number of risk factors on EE and BE prevalence.
Statistical Analysis
Data were summarized by mean and standard deviation for continuous variables and frequency and proportion for categorical variables. Clinical characteristics, esophagitis grade, BE prevalence, presence of dysplasia, and diaphragmatic hernia (DH) were compared between study groups with univariate logistic regression. Length of BE and DH size were compared with Student's t test.
Association of individual risk factors with EE/BE was assessed with logistic regression. Models were created with a priori selected set of seven predictor variables: gender, age, GER symptoms, ever tobacco use, excess alcohol use (men: [2 alcoholic drinks per day; women: [1 alcoholic drink per day), family history of BE or EAC, and central obesity [waist-to-hip ratio (WHR) for males [0.90 and females [0.85] as defined by the WHO [22] . Despite Caucasian race being a known risk factor for BE, it was not included in this analysis due to the homogeneity of the cohort (98 % Caucasian). Multivariate analyses were conducted using backward stepwise regression models.
The influence of cumulative number of risk factors for EE (LA grades B, C, D) on BE risk was estimated. LA grade A esophagitis was excluded from this analysis given its historically higher inter-observer variability [18] . Eight selected variables (gender, age, GER symptoms, Caucasian race, ever tobacco use, excess alcohol use, family history of BE or EAC, and central obesity) were defined and weighed equally. The risk of EE/BE was analyzed and compared between three groups (0-2, 3-4, or 5-8 factors present). Influence of sex on the interaction of risk factors was tested. Statistical significance was defined as a twosided a value of \0.05. SAS Ò software version 9.3, SAS Institute, Cary NC, USA was used.
Results

Baseline Characteristics
Two hundred and five of 459 subjects invited were screened [73 (36 %) muTNE, 71 (35 %) huTNE, 61 (30 %) sEGD]. Baseline characteristics of the invited subjects and participants were comparable [15] . Baseline characteristics for all participants are summarized in Table 1 . Forty-six percent were male with a mean (SD) age of 70 (11) years. Ninety-eight percent were Caucasians. Mean (SD) WHR was 0.93 (0.09) in males and 0.86 (0.09) in females. Sixty-eight (33 %) participants had GER symptoms. Eighty-two percent of subjects with GER symptoms reported symptoms for ''more than 2-5 years'' or longer.
Prevalence of Esophagitis and BE
The prevalence of esophagitis and BE in subjects with and without GER symptoms (see Table 2 ) was comparable statistically. The prevalence of EE was 32 % (LA grade A 36 %, B 55 %, C 9 %, D 0 %) and 28 % (LA grade A 53 %, B 42 %, C 5 %, D 0 %) in the groups with and without GER symptoms, respectively. The symptomatic GER group had a numerically higher proportion of grade B and C esophagitis (64 %) compared with the group without symptoms (48 %) (p = 0.22). The prevalence of BE was 7.8 % overall and was comparable between the GER symptoms and asymptomatic groups (8.8 vs. 7.3 % p = 0.49). Twelve of 16 cases of BE were diagnosed on follow-up endoscopy after treatment of EE. The mean (SD) BE length was 3.5 (2.4) cm in the GER symptom group and 2.6 (1.4) cm in the group without symptoms (p = 0.62). Two of the six BE cases (33 %) in the GER symptom group were long-segment BE (LSBE); two of the ten BE cases (20 %) in the asymptomatic group were LSBE. Three cases of dysplasia were identified: one HGD located in SSBE and two LGD located in one SSBE and one LSBE. The one subject with HGD did receive radiofrequency ablation therapy. Dysplasia rate of 1.5 % was comparable between the GER symptom group and the group without symptoms. Size of hiatal hernia was comparable in both groups.
Clinical Characteristics Associated with EE and BE
Clinical characteristics were compared between subjects with and without EE/BE (see Table 3 ). There was a statistically significant difference between the two groups with respect to male sex, WHR, and alcohol use. BMI, prevalence of GER symptoms, or tobacco use was not different between the two groups. Hence, subjects with EE/ BE were more likely to be centrally obese men consuming [2 alcoholic beverages per day.
These characteristics were also compared between subjects with EE or BE and stratified by the presence of GER symptoms (supplementary Table 1 ). Male predominance, increased WHR, and excess alcohol were numerically greater, but not statistically different from subjects without GER symptoms who had developed EE or BE. In contrast, the presence of GER symptoms in combination with these risk factors was associated with a higher prevalence of EE/BE. Fig. 3) . The cumulative number of risk factors per subject was analyzed as predictors of EE (LA grades B, C, D) or BE. The rate of EE/BE in subjects with 0-2 risk factors was 6.1 %, while the rate in subjects with 3-4 and 5-8 factors was 20 and 30 %, respectively (p \ 0.05). The risk of EE/ BE was 3.7 times greater (95 % CI 1.5, 13.0) for subjects with 3-4 factors. Presence of 5-8 factors was associated with an almost sixfold higher risk of EE/BE (95 % CI 1.5, 22.5) (Fig. 4) .
Discussion
In this study, we found that BE and EE prevalence in community subjects older than 50 years is substantial. Overall, 7.8 % of subjects had BE, with a comparable prevalence in those with and without typical symptoms of gastroesophageal reflux (8.8 and 7.3 %, respectively). Onethird of study subjects had erosive esophagitis. Independent predictors of EE and BE included male sex and central obesity. We also identified a threshold of three or more risk factors, which were associated with a significantly higher risk of EE and BE.
The prevalence of BE in this study is comparable to prior reports from US referral center cohorts, but higher than European reports which studied unselected populations [8] [9] [10] 23] . EE is also similarly prevalent in subjects with and without GER symptoms in European communities [8, 10] . In our predominantly Caucasian community of adults older than 50 years, prevalence of esophagitis (all LA grades) was 32 % overall and 29 % in subjects without GER symptoms. More severe EE (LA grades B and C) was also prevalent (16 % overall) though more common in the group with GERD.
A reason for the high percentage of subjects with GERD in this study might result from the expanded definition used. Specifically, the presence of GER symptoms was defined as frequent recent typical symptoms such as heartburn and acid regurgitation or a history of frequent symptoms currently well controlled by anti-reflux medications. These criteria were purposely utilized in order to include subjects with controlled, quiescent, or treatment rendered asymptomatic reflux in addition to untreated symptomatic GERD, as both groups may have an increased risk of developing BE [13] . Review of the medical record and GERQ responses substantiated the use of acid-suppressing medications for GERD symptoms in all subjects.
Rubenstein et al. [13] recently used a similar questionnairebased criterion for GERD to include currently asymptomatic subjects whose symptoms are currently well controlled by medications. Gerson and Bannerjee [24] also excluded all subjects on PPIs from the study cohort when reporting the prevalence of BE in women without GERD. The data from this study demonstrate that there was no significant difference in prevalence of EE/BE in subjects with and without GER symptoms. On the other hand, higher grades of EE (LA grades B and C) were more likely to be associated with symptoms. The presence of GER symptoms, however, was not an independent predictor of EE/BE in our study. There may be several explanations this finding. In a recent meta-analysis, GER symptoms were strongly associated with only LSBE, but not short-segment BE [6] . The majority, 75 %, of BE subjects in our study had short-segment BE. Patients with BE have been shown to have increased yet asymptomatic esophageal acid exposure despite medical therapy [25] suggesting an esophagus that is hyposensitive to acid. Finally, there may also be GERD-independent mechanisms such as systemic inflammation contributing to the development of EE and BE, particularly in patients with central obesity [11] .
Central obesity was an independent risk factor for the presence of EE/BE in this community cohort. Central obesity is an independent risk factor for esophageal inflammation, linked to metabolically active proinflammatory cytokines and adipokines [11] . Central obesity is easily measurable in clinical practice by its marker WHR. As corroborated by other studies, BMI (measuring overall obesity) was not associated with EE/BE in this study [26] .
We wished to assess the influence of the number of risk factors on the presence of EE/BE in the community. As 98 % of the subjects were Caucasians, the vast majority of BE/EE subjects had at least one risk factor present. We found that risk appears to increase substantially in the presence of three or more risk factors and continues to rise as the number of factors increase. These results confirm the additive nature of risk factors, which has been assumed by current society guidelines [4, 27] . Recent ACG guidelines recommend screening patients with chronic, frequent GER symptoms plus two additional risk factors [4] . Our results suggest that three risk factors, regardless of the presence or absence of GER symptoms, may identify a population with a higher prevalence of BE. Further studies are essential to confirm this observation.
Our model had reasonable discriminant ability (AUC 0.71 in ROC curve) compared with the M-BERET model (AUC 0.72 in ROC curve), which used four factors in male veterans: GERD, age, tobacco use, and central obesity [13] . Additional studies with differential weighting of risk factors are required to assess the individual contribution of each of these risk factors. While the economic and clinical Fig. 3 Receiver operator characteristic (ROC) curves showing the performance of the multivariable model in assessing BE/EE risk among community residents, compared with models using only waistto-hip ratio (WHR) data and models using only male sex data. The multivariable model includes age, male sex, GERD, central obesity, Caucasian ethnicity, smoking history, excess alcohol use, and family history of BE or EAC implications of the implementation of these models may be substantial, they can potentially improve the current ineffective model which lacks adequate discrimination and accrues significantly greater cost associated undiagnosed with BE leading to advanced stage EAC. Communitybased minimally invasive screening techniques that are more acceptable and cost-efficient, utilizing these models, could offset the costs of increasing the screening pool [28] .
This study has potential limitations. First, we assumed high accuracy with using TNE screening in two-thirds of the patients. The accuracy of uTNE in detecting esophageal disease, specifically BE, has been shown in several trials [29, 30] and a recent meta-analysis [31] . A randomized crossover trial has also confirmed the accuracy of the EndoSheath technology used in this study [32] . Indeed, recent guidelines suggest the use of uTNE as an alternative for BE screening [4] . Furthermore, experienced endoscopists performed all study procedures after developing a consensus on the endoscopic diagnosis of BE. A second potential limitation is combining EE and BE in some of the analyses. Given that EE is a known potential precursor of BE and EAC [19] [20] [21] , combining these outcomes was thought to be an acceptable analysis method. Corroboration in an independent validation cohort with addition of other biomarkers would be essential for widespread clinical application of these models [33, 34] .
EE and BE are likely multifactorial diseases rather than singularly caused by gastroesophageal reflux. This study supports this conclusion that targeting only subjects with reflux symptoms is likely an inefficient method of screening for BE [13] . The continued use of models which incorporate additional easy to collect demographic and clinical data may more accurately and cost-effectively identify subjects at risk who would derive benefit from esophageal screening to detect esophageal neoplasia and its precursors.
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